The bulk dynamics of immiscible polymer blends during flow is relatively well understood, especially when the system contains Newtonian components. Recently, a number of studies have focused on flow of immiscible blends in confined geometries. In that case, the morphology development is not only affected by the material characteristics and the type of flow, but also by the degree of confinement. Here, we present an overview on the morphology development in immiscible two-phase blends in confined shear flow. Firstly, we focus on the typical microstructures that are observed in confined dilute blends. Secondly, in order to understand those peculiar morphologies, the systematic studies on single droplets in confined shear flow are reviewed. In addition to the experimental work, theoretical, phenomenological, and numerical models that include the effects of confinement, are discussed.
Introduction
The past decade has witnessed a rapid development of micro-and nanotechnology that is being used in a broad variety of applications. This has led to a multitude of integrated microdevices that combine, for instance, pumps, separation units, and valves into a labon-a-chip [1] . Quite rarely, the fluids of interest in such devices are simple single-phase liquids. On the contrary, many systems in chemical and/or biochemical technology consist of multiphase fluids, often containing components with a complex rheology. From a technological point of view, microchannel flows are often used to generate small volumes of emulsions with well-controlled droplet sizes and droplet size distributions.
These droplet-based multiphase flows have been utilized in processes such as, for instance, microencapsulation, micromixing, and microreaction [2] . In the latter case, the small droplets are almost ideal chemical reactors characterized by fast heat transfer and efficient mass transfer. In literature, various other applications have also been described, and undoubtedly, many more will follow [2] .
To optimize these microfluidic applications, a scientific understanding of the relationships between the rheology of the components, the kinematic conditions, and the microstructure development in confined geometries is essential. This morphology development is however complex and influenced by a multitude of parameters. In order to fully understand the underlying physics, several model type problems have been studied. Earlier research primarily focused on confined channel flow, a topic that was thoroughly reviewed by Olbricht [3] . The last decade, studies on confined shear flow are prevailing, which will be the topic of this review. Moreover, we will only consider fully immiscible fluid-fluid mixtures although it was shown that confinement can have a drastic effect on the phase behaviour of a blend. For instance, Binder and co-workers demonstrated, using Monte Carlo simulations, that in ultrathin films, thinner than the screening length of excluded volume interactions, a dramatic enhancement of compatibility occurs as compared to the corresponding bulk system (e.g. [4, 5] ).
Moreover, it was demonstrated that the standard concepts of the theory of polymeric systems, such as the Flory-Huggins theory [6] , fail in highly confined conditions [5] . The situation becomes even more complicated when differences in wettability between the confining walls and the blend constituents are taken into account (e.g. [7] [8] [9] [10] ). Most of these studies are performed by means of Monte-Carlo simulations under quiescent conditions, and many of the conclusions are experimentally difficult to assess. Therefore, we will not take wetting effects into account in this review.
In the non-confined case, the structural evolution in immiscible systems is relatively well understood. Especially in the case of dilute blends consisting of Newtonian components and subjected to shear flow, both the morphology development and the rheological behaviour are quite well established. For these dilute systems, the blend morphology consists of a droplet-matrix structure. In the absence of buoyancy and inertia effects, the droplet behaviour is governed by two dimensionless numbers: p and Ca. p represents the viscosity ratio of the blend, being the viscosity of the droplet phase  d with respect to that of the matrix phase  m . Ca is the capillary number defined as the ratio between the deforming hydrodynamic stresses and the restoring interfacial stresses (Ca =
with R,   , and  the droplet radius, shear rate and interfacial tension respectively). The single droplet behaviour in Newtonian-Newtonian systems has been thoroughly reviewed by Rallison [11] , Stone [12] , and more recently by Guido and Greco [13] . The rheological behaviour of these simple blends and its relation with the microstructure has been extensively investigated both experimentally and theoretically [14] . However, most industrial systems consist of more complex viscoelastic components, and the singledroplet behaviour in such blends has therefore received a great deal of attention [13, 15] . and  the fluid viscosity), and the ratio N 2 /N 1 , with N 1 and N 2 the first and second normal stress difference of the fluid [13, 16] . It has been shown that matrix viscoelasticity substantially influences the steady and transient droplet dynamics when De  1. Droplet viscoelasticity seems to have less effect on the droplet behaviour, at least at non-critical conditions. The role of N 2 on the droplet dynamics is less clear [13, 15, [17] [18] [19] [20] . To obtain a material with improved properties, the final goal is often to generate very small droplets dispersed in the matrix. Therefore, particular interest is going towards compatibilization and morphology stabilization of immiscible blends [15] . At higher concentrations, hydrodynamic interactions and coalescence become important, and fibrillar and cocontinuous structures can be generated [17] . Component viscoelasticity, the presence of compatibilizers, and concentration all add additional complexities to the system, and therefore, the relationships between rheology and morphology for these systems are not yet fully understood under bulk conditions.
In the case of microfluidic flow of blends, at least one dimension d of the flow system is on the micron scale and therefore could become comparable to the characteristic size of the dispersed phase (characterized by the droplet diameter 2R). This confinement effect could drastically influence the physics of the rheological and morphological changes during flow. In the field of microrheometry, the different instrumental approaches can roughly be divided into two groups [21] . On the one hand, there is interfacial rheometry, which typically involves deformations in domains of a few molecular dimensions. On the other hand, literature focuses on microrheometry, which has recently evolved rapidly due to the possibility to fabricate microscale devices [21] . These microrheological developments are however beyond the scope of this review, and an extensive overview is given by Waigh [22] .
This review discusses the effect of confinement on the morphological changes in immiscible blends consisting of Newtonian components in simple shear flow. In a first part, the peculiar morphologies observed in dilute confined blends are discussed. In order to understand the evolution of these morphologies during flow, single droplet dynamics together with an evaluation of the various single droplet models is reviewed in the second part. Concerning the experimental work, literature mainly reports on studies that use insitu, time resolved methods, such as light microscopy, to gain insight in the relationship between flow and structure development. These in-situ studies have undoubtedly the advantage that the morphology evolution is examined during flow, in contrast to 'postmortem' techniques such as scanning electron microscopy in which the morphology can only be viewed after the sample has been solidified. In-situ observation of the morphology of industrial systems is however often difficult. Limited transparency and contrast, as well as a too fine microstructure can hamper the observations. Therefore, model systems with appropriate viscoelastic and optical properties were selected by several research teams such that the resulting microstructure can be studied using light microscopy.
Morphology development in dilute confined blends consisting of Newtonian components
The first systematic experimental studies in confined shear flow were conducted on dilute blends, rather than on single droplets. Concentration however adds a complication to the structural dynamics since deformation and breakup will compete with coalescence. So far, only systems containing Newtonian components were studied in confined flow. The early experiments by Migler [23] revealed a richness of morphological phenomena.
Migler reported a transition from a dispersed droplets state to a string-like state in confined flow. Under identical kinematic conditions in bulk flow, this system would display a droplet-matrix structure with only slightly deformed ellipsoidal droplets. The transition occurs when the size of the dispersed droplets becomes comparable to the gap width. A typical example is shown in Figure 1 . It displays the morphology evolution which is microscopically investigated in a Linkam shearing cell after a decrease in shear rate. Initially, coalescence causes an increase in the average droplet size (A-B). After some time, a self-organization into pearl necklace structures occurs (B-C). This pearl necklace pattern, which was observed by Migler for the first time in liquid-liquid systems, is seen as a transient stage between the droplet state and the string state. Next, the aligned droplets coalesce into strings (D) and even ribbons (E-F), as indicated by the arrow in Figure 1 (E). All strings have the same width W in the vorticity direction. The string stabilization is caused by a suppression of the Rayleigh instability [24] due to confinement. Although the nearby presence of the walls is essential to keep the strings intact, it is not sufficient. Flow provides an additional stabilization, as is also the case in the unconfined situation [25] . In fact, it was experimentally shown that, when the flow is stopped, most of the strings eventually break up into droplets [23] . 1023 (2001) [23] . Copyright (2001) by the American Physical Society.
Pathak et al. [28] stated that the transition of bulk-like behaviour to string formation in a confined flow is not only affected by changing the shear rate for a fixed gap spacing.
They demonstrated that the morphology development is additionally influenced by the volume fraction of the blend. These authors presented a morphology diagram for p = 1 that describes the microstructure in confined polydimethylsiloxane/polyisobutylene emulsions in the parameter space of composition and shear rate for a gap spacing d of 36
µm. Besides the formation of strings and pearl necklaces which are seen by Pathak et al.
as stable morphologies, they reported the organization of droplets in distinct layers. The physics behind the formation of the layered microstructure is not completely understood at present. However, the number of layers decreases with increasing degree of droplet confinement and it was suggested that this is related to two migration effects [28] : drift of droplets from the walls towards the centre (wall migration) and migration towards the walls due to shear-induced droplet collisions, which occurs in a direction perpendicular to the streamlines. Only a few articles describe experimental studies on wall migration of droplets in emulsions [29] [30] [31] . For instance, King and Leighton [29] performed experiments on dilute emulsions with a low viscosity ratio in a Couette flow. They reported drift of droplets from the walls and accumulation of droplets near the centre of the gap. A steady-state droplet distribution was reached when a shear-induced gradient diffusivity balances the wall migration. Good agreement between their experimental results and a combination of a linearized form of the migration velocity for a single droplet [32] and a shear-induced dispersion model [33] was seen [29] . Hudson [31] extended the analysis of King and Leighton [29] by removing the restriction of linearizing the migration velocity. He performed migration experiments in a parallel plate device and stated that the wall migration effect is significant, even when the droplets are 100 times smaller than the gap. Collision processes in liquid-liquid dispersions have been reviewed by Chesters [34] . An expression for the collision frequency per unit volume was given by Smoluchowski [35] , assuming that the droplets are monodisperse spheres which follow the basis stream lines in simple shear flow. Pathak et al. [28] argued that geometrical confinement accentuates the wall migration effect and reduces the numbers of collisions per timescale. For a confined droplet in shear flow, they deduced expressions for the timescales relevant to droplet collisions, based on the original
Smoluchowski equation [35] , and to droplet migration based on the theory of Chan and
Leal [32] . It was reported [28] that the ratio T of the collision timescale to the migration timescale increases with decreasing shear rate. For shear rates where T < 1, a two-layer microstructure was seen. In this case, collisions occur more frequently than migration causing droplets to accumulate in two distinct layers. When T ~ O(1), the timescales for collision and migration are similar. Under these conditions, a single layer was reported [28] .
The deformation of droplets in the parameter space of confinement, shear rate and concentration was also investigated. For example, Pathak and Migler [36] reported on the effect of confinement on droplet deformation in a blend with 9.7 wt% dispersed phase and a viscosity ratio of unity. The authors stated that Taylor's single droplet theory [37, 38] [39] on blends with 1 to 10 wt% dispersed phase and by Tufano et al. [40] in blends with 10 to 30 wt% dispersed phase. Both research teams showed that for larger capillary numbers, the deformation of droplets is already affected by the presence of the walls when the confinement ratio 2R/d is approximately 0.3. They additionally reported that for the confinement ratios under investigation (up to 2R/d = 0.55), the mean droplet size is still governed by the relations that describe non-confined situations. Vananroye et al. [39] demonstrated that not only the width of the strings in the vorticity direction, but also the width of droplets on pearl necklaces is constant during shear flow irrespective of the droplet size. A typical example is given in Figure 2 in which the droplet width W in the vorticity direction is shown as a function of the droplet diameter 2R for droplets in a 5
wt% emulsion sheared at 0.38 s -1 . As can be seen in Figure 2 for a gap spacing d of 40 micrometers, the width W of droplets remains constant above a critical confinement ratio 2R/d of roughly 0.4. Tufano et al. [40] showed that this constant width phenomenon already occurs before the formation of ordered pearl necklace structures, and that the critical degree of confinement at which such wall effects become important increases with decreasing shear rate.
When flow is arrested, the relaxation of droplets on pearl necklaces could be affected by the presence of the walls. This was investigated by Vananroye et al. [39] for droplets in a [41, 42] . Reprinted figure with permission from Vananroye A, Van Puyvelde P, and Moldenaers P.
Applied Rheology 16, p. 242 (2006) [43] . Copyright (2006) by Applied Rheology.
Single droplet dynamics in confined shear flow
During flow, droplets undergo morphological changes such as deformation, retraction, breakup, and coalescence. In order to understand the peculiar structures discussed in the previous section, relationships between the flow and the structure dynamics in a confined environment are needed at the level of single droplets. To the authors' knowledge, the effect of confinement on shear-induced coalescence on a two-drop level is unexplored.
However, droplet deformation, orientation, retraction, and breakup have been investigated experimentally, theoretically, and numerically in confined shear flow. For nearly spherical droplets, a theoretical solution for the shape of a droplet interacting with two parallel shearing walls was obtained by Shapira and Haber [44] . They solved the momentum and continuity equations with the Lorentz reflection approximation [45] , using only three reflections. Therefore, the results are only applicable for small confinement ratios 2R/d. An analytical expression for the droplet deformation D SH , of the first order in Ca, was obtained:
Theoretical background
C s is a parameter that depends on the relative position of the droplet between the walls and grows considerably when the droplet approaches one of the two walls. In all experimental studies, care was taken to position the droplet symmetrically between the two confining walls. For that case, a value of C s of 5.699 was reported [44] . D Taylor is the deformation parameter obtained from the Taylor small-deformation bulk theory [37, 38] . Equation 1 predicts that the additional effect of the walls on the magnitude of the deformation scales with the ratio of droplet radius R to gap width d to the power 3. The droplet shape however, remains ellipsoidal and unaltered with respect to the Taylor small-deformation prediction for bulk shear flow. As in this first-order bulk theory, a constant orientation angle  of 45° is predicted. Chan and Leal [32] studied wall effects on the deformation of a sheared droplet when both the droplet and the matrix fluid are second-order fluids. They did not obtain explicit expressions for the droplet deformation as a function of viscosity and confinement ratios. But for the Newtonian limit, the values for the shape factor C s , calculated at R/d = 0.1 for three different droplet locations within the gap, are in agreement with the values of Shapira and Haber [44] .
The Taylor bulk theory is derived for small deformations and viscosity ratios around 1.
To extend the applicability of Equation 1 to viscosity ratios different from 1 and to large deformations, Vananroye et al. [46] proposed to replace the Taylor bulk deformation parameter D Taylor [41, 42] . This leads to a combined MMSH model with deformation parameter D MMSH :
The original Maffettone-Minale model [41, 42 ] is a phenomenological model for the dynamics of a single Newtonian drop in a Newtonian matrix subjected to a generic bulk flow. It has been proven that this model satisfactorily describes the droplet dynamics in bulk shear flow [41, [46] [47] [48] . The droplet shape is assumed to remain ellipsoidal at all times and is described by a second rank symmetric, positive definite tensor S. The dynamics of S is determined by the competing actions of viscous flow and interfacial tension. The parameters f 1MM and f 2MM are derived so that the model recovers the smalldeformation limit of Taylor [37, 38] . Similar to the approach of Vananroye et al. [46] , the Shapira-Haber theory was extended to describe the deformation of confined droplets in systems with one viscoelastic component [49] . In bulk shear flow, droplet and especially matrix viscoelasticity can substantially alter the droplet deformation and orientation [13] .
Therefore, the bulk Taylor deformation parameter was replaced with the deformation parameter obtained from bulk phenomenological deformation models for systems containing one viscoelastic component, such as the modified Minale model [18, 19] . With this approach, only the effect of component viscoelasticity on the unbounded deformation is taken into account, while the Shapira-Haber correction factor for wall effects is derived for Newtonian components.
Despite of its relative success in describing the droplet deformation, a major drawback of the Shapira-Haber theory [44] and its aforementioned extensions is the fact that no predictions of the droplet dynamics under transient flow conditions can be made.
Recently, the phenomenological Maffettone-Minale model [41, 42] was extended by
Minale to the case of a generic confined flow [50] . The dynamic equation for S of the Maffettone-Minale model was kept unaltered but adapted expressions for the functions f 1 and f 2 , which now also depend on the ratio R/d, were proposed. Thereto, the confined version of the model is forced to recover the small-deformation limits of Shapira and
Haber [44] . In that way, the ratio between f 1 and f 2 was imposed. Minale [50] proposed expressions for f 1 and f 2 , consisting of the Maffettone-Minale parameters f 1MM and f 2MM corrected with a confinement factor that is proportional to (R/d) 3 :
To resolve the remaining degree of freedom in the expressions for f 1 and f 2 , the steadystate model predictions were fitted to the experimental results of Vananroye et al. [46] and Sibillo et al. [51] . Expressions for the correction factors f 1c and f 2c as a function of viscosity ratio p were obtained for p between 0.3 and 5. With this confined version [50] of the Maffettone-Minale model [41, 42] , the droplet deformation, as well as the droplet orientation can be obtained. In addition, the droplet response to transient flow conditions, such as e.g. startup or cessation of shear flow, can be predicted. Critical conditions for breakup can also be derived from the model, in which an indefinite droplet deformation is associated with supercritical conditions.
Although providing predictions on the droplet deformation and orientation under a broad range of conditions, the quantitative applicability of the available models for confined droplet dynamics remains restricted to ellipsoidal droplet shapes, and hence, to low values of Ca and low confinement ratios. In order to cover the entire spectrum of capillary numbers, including conditions close to breakup, numerical simulations are needed. In addition, velocity and pressure fields, which become accessible with numerical simulations, could provide valuable information to unravel the underlying physics of the observed peculiar phenomena (see further). Janssen and Anderson [52] used a Boundary-Integral-Method (BIM), to simulate the 3D droplet deformation and breakup of a Newtonian droplet in a Newtonian matrix for confined shear flow, at a viscosity ratio of 1. To take into account the presence of the walls, they used an additional wall term in the Green's functions, as derived by Jones et al. [53] for a droplet in a Poiseuille flow between two parallel plates. Simultaneously, Renardy [54] used a Volume-Of-Fluid method (VOF) to simulate the 3D dynamics of a Newtonian droplet in a Newtonian matrix at a confinement ratio 2R/d of 0.68 and a viscosity ratio of 1. In these simulations, the VOF method was combined with the parabolic reconstruction of the interface shape in the surface tension force (PROST [55] ) or alternatively the continuous surface formulation (CSF [56] ) with the piecewise linear interface reconstruction scheme (PLIC [57] ). Recently, Janssen and Anderson extended their Boundary-Integral-Method for droplets between two parallel walls to the non-unit viscosity ratio case [58] . [44] only predicts confinement effects on the magnitude of the deformation, at high confinement ratios, Sibillo et al. [51] clearly observed distortions from the ellipsoidal droplet shape, as shown by the microscopy images in Figure 4 .
Comparison with experimental evidence

Steady-state droplet deformation and orientation
Vananroye et al. [46] performed a systematic study on the steady-state droplet deformation in confined shear flow, using a counter-rotating parallel plate device. They studied systems with viscosity ratios between 0.3 and 5. It was shown that, above a confinement ratio 2R/d of 0.3, both the droplet deformation and the droplet orientation towards the flow direction are systematically increased with respect to the bulk case. It was demonstrated that the differences between the bulk and the confined droplet deformation augments with increasing viscosity ratio. This trend is correctly captured by the Shapira-Haber model [44] and Equation 3 was shown to do a relatively good job in describing the experimental deformation parameter, especially at the highest viscosity
ratios. An example of a comparison between Equation 3 and the experimental results is shown in Figure 5 . By extending the Maffettone-Minale model to include confinement effects, Minale [50] was able to quantitatively predict the droplet axes L, B, and W and the droplet orientation angle  for confined droplets in Newtonian-Newtonian systems, as long as the deviation from an ellipsoidal shape remained limited [50] . As an example, Figure 6 shows a comparison between the experimentally obtained dimensionless droplet axes and the model predictions for a viscosity ratio of 2. Both experiments [46, 59] and the model [50, 59] show that wall effects on the orientation angle are more pronounced at the lowest viscosity ratios, whereas the deformation is more affected at high viscosity ratios. A quantitative comparison between the steady-state experimentally observed deformation at different Ca-numbers and the simulations of Janssen and Anderson [52] has been performed by Vananroye et al. [60] , for a viscosity ratio of 1. Contrary to the confined Minale model [50] and the Shapira-Haber model [44] , the BIM is capable of predicting the full sigmoidal steady-state droplet shape, as illustrated in Figure 7 . The simulations also predict an increase in droplet deformation and more orientation towards the flow direction with increasing degree of confinement, which is all in line with experimental observations. It is proposed by the authors that the changed droplet dynamics under confined conditions is mainly caused by the changed pressure profile outside the droplet.
A comparison between numerical simulations and experimental data at non-unit viscosity ratios is not yet available in literature. The VOF-method was recently extended to take into account the viscoelasticity of the components [61] . Therefore, 3D simulations of confined droplet dynamics during shear flow in systems containing viscoelastic components have become accessible, but so far comparison with experimental data is restricted to bulk conditions [20] . [50] of the Maffettone-Minale model [41, 42] at least qualitatively captures these trends. A comparison between model predictions and experimental data for three different viscosity ratios is shown in Figure 8 . For highly confined droplets sheared under near-critical conditions, one or more overshoots in the droplet deformation have been experimentally observed [51] . In addition, the timescales required to reach steady-state conditions increase with an order of magnitude compared to the bulk case. These overshoots become less pronounced when the viscosity ratio is high [47] . The Minale extension for confinement [50] of the Maffettone-Minale model [41, 42] is not capable of reproducing the experimentally observed overshoots [47] . On the other hand, with both the VOF and BIM simulation methods discussed in 3.1, quantitative agreement with the oscillation transients was obtained for a viscosity ratio of 1 [54, 60] . A comparison between the experimental results and VOF simulations is shown in Figure 9 . The maximum in the deformation can be explained by the fact that the tips of the stretching droplet are pushed away from the walls. Then, the droplet orientation angle reduces, and the droplet experiences a much weaker flow and retracts [52, 54] . Contrary to the situation in bulk shear flow, a high shear rate exists in the space between drop tip and wall, with substantial recirculation flows on both sides of the droplet [52, 54] . Since it was shown that the droplet orientation is more sensitive to wall effects at low viscosity ratios [59] , more pronounced overshoots are expected for these systems, in agreement with experimental results [47] . inertia on the production of droplets, 46, 2007, p . 521, Renardy Y., Figure 2 [54] . Copyright (2007).
Droplet retraction upon cessation of shear flow
Whereas the droplet deformation is affected by the presence of the walls for confinement ratios 2R/d of 0.3 and higher, one might expect, based on the dilute blends studies [39] , that the retraction of single droplets upon cessation of flow is less sensitive to confinement. Vananroye et al. [47] investigated this for viscosity ratios between 0.3 and 2 and observed that only highly confined droplets relax slower compared to unconfined droplets. This is in agreement with the observations of Son and Migler [62] who studied the retraction of axisymmetrical droplets, which were obtained from a retracting imbedded fibre, confined between two parallel plates. For their system, consisting of two polymer melts at a viscosity ratio of 0.25, wall effects on the relaxation only start to appear at a confinement ratio 2R/d of 0.5. Vananroye et al. [47] compared the droplet relaxation to the predictions of the confined Minale model [50] , as illustrated in Figure 10 for a viscosity ratio of probably due to the slower droplet relaxation in a viscoelastic matrix, which provides more time for the matrix fluid to be squeezed out between the plates and the droplet. 
Droplet breakup
When the capillary number is sufficiently increased, droplets might break up. For a viscosity ratios of 1, Sibillo et al. [51] demonstrated that confinement hardly affects the critical capillary number that describes breakup in bulk flow conditions. A systematic study of the effect of confinement on the near-critical breakup process for a broad range of viscosity ratios was conducted by Vananroye et al. [64] . For a viscosity ratio of 1, the observations of Sibillo et al. [51] were confirmed. However, for viscosity ratios below 1, Vananroye et al. showed that the critical capillary number increases with increasing confinement, indicating that confined droplets are stabilized by the presence of the walls.
At viscosity ratios above 1, it was seen that the critical capillary number decreases, thus confinement promotes breakup. These authors also showed that even droplets with viscosity ratios above 4, which are unbreakable in bulk flow, can still be broken in confined conditions. The experimental results are summarized in Figure 11 together with the predictions of the confined Minale model [50] . Although the model can qualitatively predict the observed trends, it is not quantitative. This is not surprising since at breakup conditions, the droplet shape is far from an ellipsoidal one. Figure 13 [50] . Copyright (2008) .
For confinement ratios 2R/d very close to 1, Sibillo et al. [51] showed an interesting new breakup mode in which three droplets with comparable droplet sizes are formed, in contrast with bulk breakup where the central fragments are generally much smaller than the main daughter drops. The experimentally observed transition from binary to ternary breakup [51, 59] was reproduced by both the BIM [52] and VOF simulations [54] .
Renardy [54] attributes this to the increased shear rate at the drop tips, which prevents them from evolving into dumbbells, as in unbounded shear flow. Recently, Cardinaels et al. [59] have demonstrated that the number of equally-sized daughter drops increases with confinement ratio. In addition, the transition from bulk breakup to confined breakup with multiple neckings was shown to shift towards more confined conditions for systems with a high viscosity ratio or containing a viscoelastic matrix.
Conclusions
In this review, the morphology development of immiscible blends confined between two shearing parallel plates is discussed. An overview is given on the different peculiar structures that are observed in dilute confined blends containing Newtonian components.
Depending on the gap spacing, volume fraction, and shear rate, a richness of morphological states such as layered structures, pearl necklaces, strings, ribbons, and 
